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ABSTRACT

The design of spiral separator in question is based on the analysis of bulk materials separators. It has
advantages over the known devices. Spiral separator is maintenance-friendly compact mechanism with a
simple drive. As a tool, the spiral separating screen is used. This allows intensifying the separation process
and separate bulk materials into several fractions.
The empirical and theoretical dependence for describing the process of bulk materials separation by spiral
separator is obtained. The methodology of definition coefficients of mathematical equations is developed.
They depend on the material fractional composition and its initial settings. The experimental research for
defining the separation coefficients is conducted. The processed pellets and flax fibre shives are used. The
mathematical model of bulk materials separation by spiral separator is obtained and the method of
determining bulk materials separation coefficients by designing a type of spiral separator is developed. The
concept of spiral separator efficiency coefficient characterizing the separation degree of the bulk material fine
fraction is introduced. The dependence to justify the length of the spiral separator cage is obtained.

PE3IOME

Ha ocHoei aHanisy KOHcmpyKuill cernapamopie curkux Mmamepianie 3arnporoHogaHa KOHCMPYKUis
cnipanbHO20 cernapamopa, Wo Mae HU3Ky nepesaz Had 8i0OMUMU KOHCMPYKUISMU. 30Kpema, cripanbHul
cernapamop € KOMMakmHuUM, Mae npocmuli npueod ma 3pyqHuli 8 obceryeosysaHHi. Kpim moeo,
8UKOpUCMaHHSA 'y sIKocmi pobo4yo2o opeaHy cripanenodibHo2o pewema 00380s5€ IHMeHcugiKkysamu
npouec cenapauii ma 30ilicHroeamu po30ifieHHSI CUMKO20 Mamepiany Yu CcyMiwi Mamepiarnie Ha Kirbka
pakuidi.
OdepxaHi emripuko-meopemuyHi 3anexHocmi Ons onucy npouecy cenapauii curnkoa2o mamepiany Ha
cnipansHoMmy cernapamopi. Po3pobrieHo memoduKy 0risi U3Ha4YeHHs KoeiujieHmig cenapauii, ki 8xo0smb 8
ompuMaHi pIieHsIHHS | 3anexamp 8i0 hpakuiliHo2o cknady Mamepialy ma rnoYyamkogux napamempis wapy
mamepiany. 3a po3pobrieHoo Memodukoro 30ilCHEHO eKcriepuMeHmarbHi 00CnidxXeHHs], wo 00380MUMU Ha
npuknadi nanueHUX 2paHysl ma Kocmpuui rbOHy-0082yHUS 8U3Ha4YUMU 3Ha4yeHHs1 KoegiuieHmie cenapauil
Ona yux mamepianig. [lposedeHuli KOMIMIIEKC MEOopPemuyYyHuUx ma ekcriepuMmeHmarbHUx OO0CiOXeHb
0ossornue onucamu nepebiz npouecy cenapauii cunkux mMamepiasnie (nanusHUX 2paHysi, KoCmpuuyi fTbOHY-
0o82yHUs1) Ha cnipanbHOMYy cerapamopi. OmpumaHa mMamemamu4yHa Molesib Mpoyecy cenapauii cunkux
Mamepiarnie Ha criipanbHOMYy cernapamopi ma po3pobrieHa MemodOuKa 8u3Ha4YeHHs1 KoegbiuieHmie cernapauii
npudamHi Orig onucy npouecy cenapauii i iHWUX CUMNKUX Mamepianieé Ha cripanbHOMYy cernapamopi
3arnpornoHoeaHoi KoOHcmpykuil. BeedeHo roHamms koegiyieHma egpekmusHocmi pobomu cripansHO20
cenapamopa, WO Xxapakmepusye cmyniHb 8i0OKpeMrieHHs1 OpibHOI hpakuii 3 cunkoao Mamepiany.
OmpumaHo 3anexHicms 0151 06rpyHmyeaHHs 008xXUHU criipanenodibHo20 pewiema cenapamopa.

INTRODUCTION

To separate materials into fractions by size, shape, weight and aerodynamic properties in agriculture,
manufacturing and food processing, various separators are used. The most common are separators with flat
and drum cage. The vibratory separators and air separators with helical surfaces are used as well
(Ciobanu V. et al., 2015; Dadak V., 2015; Falko O., 2014; Ivancu B. et al., 2015; Kartashevich, S., 2001;
Paraschiv G. and Manole C., 2015). Most of the separators combine several separation types. The famous
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design have a number of drawbacks: big sizes and high metal content (characteristic of separators with flat
and drum cages); complex driving system of working bodies (characteristic of vibratory separators); low
degree of chamber filling and productivity (characteristic of air separators, separators with drum cages, spiral
bodies and surfaces).

Scientific research is aimed at finding new technological and technical solutions to intensify the
process of bulk materials separation (Falko O., 2014; Kartashevich, S., 2001). The key to a successful
solution to this problem is the development of mathematical models describing the separation process of
bulk materials that would justify the rational design-technological parameters of separators. Development of
mathematical models is based on the analysis of the separation process and determining the factors that
most influence its course.

During the theoretical description of the separation process the following factors must be considered:

e separation type;

e separator design peculiarities;

¢ uneven distribution of particles of different material size or its components;

¢ a wide range of particle sizes and particle mass of bulk material or mixture of materials;

o different physical-mechanical properties of the material;

e variation of separation intensity depending on the material parameters (material layer width, the
feeding rate, etc.) and movement along the working bodies or surfaces;

o fraction content in the initial material layer or its mixture.

In most cases, the separation process is described using empirical and theoretical or empirical
dependences with ratios determined experimentally. Typically, these dependencies are not universal and are
suitable to describe the separation process of bulk material or mixture of materials. Thus, to describe the
separation process of bulk materials carried out with the modern separators it is necessary to conduct
additional theoretical and experimental investigations.

MATERIALS AND METHODS

Two types of bulk materials were used in the research: processed pellets and flax fibre shive.
According to EN 14961-2 the content of fine fraction in the pallets packaging unit should not increase 1.0 %.
During production process of pallets this parameter exceeds the norm. Taking this into account, it is
necessary to separate the fine fractions from pellets before packaging.

Quality of pellets and briquettes made from flax shive depend on the raw material properties. One of
the major characteristics of the raw material is its fraction. The best mechanical properties of the pellets and
briquettes are achieved if the fraction is less than 10 mm. If it is not in line with this requirement — the shive
should be pre-processed, i.e. necessary fractions should be separated.

The method of determining separation factors for bulk materials (pellets, shive) in a spiral separator
study included the investigation of bulk material fractional composition with the help of particle-size analysis
(Khaylis G. and Fedorus Y., 2004). Fractional composition was determined as the ratio of individual fractions
mass to the total weight of bulk material:

M.
N, =—1.100%, )
M

J
m

where N; — quantity of bulk material particle of j fraction, [%];
M, — ] fraction mass of bulk material, [kg];

M, — total weight of bulk material, [kg].

As a result, the content of fine fractions, below 10 mm, is 29.5%. Fine fraction content, below 10 mm,
which should be separated, is 39.8%.

After the fraction content was defined, a portion of the bulk material was weighed and loaded into the
spiral separator (figure 1) (Dudarev I., 2016). The spiral cage was adjusted to the fraction to be separated
with sizes 0.9x10 mm.

The spiral separator is equipped with two spiral cages, with similar separation processes. During
separation, the bulk material was moved with the disc. Fine fractions went through the cage holes into the
container. Separation intensity was defined with the coefficient x :
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where u —the separation coefficient on section i of the spiral cage, [m™;

M, — mass of fine fraction in the bulk material before separation on section i of the spiral cage, [kg];
m, — fine fraction mass separated on section i of the spiral cage with the length 1., [kg];
I. —length of section i of the spiral cage, [m].

Theoretical investigations included the major statements of bulk materials separation theory and own
investigation outcome (Dudarev I., 2016; Khaylis G. and Konovaliuk D., 1991).

a b

Fig. 1 — Scheme (a) and picture (b) of spiral separator laboratory machine
1 — bin; 2 — disc; 3 — spiral cage; 4 — spiral container; 5 — dividing plates; Nel, Ne2, Ne3, Ne4 — sectors

RESULTS

The spiral separator (figure 2) contains a frame, driving unit, bin, disc with two similar spiral cages and
spiral containers for fine fractions as well as buffers for big and fine fractions.

The operation of the spiral separator is shown on the example on one of the spiral cage, since the
second cage is operated similarly. The bulk material is fed to the bin and moved through the spiral cage. The
fine fraction material goes through the cage holes into the spiral container. Big fraction material is moved to
the end of the spiral cage and then to the big fraction material buffer, fine fraction material goes to the fine
fraction material buffer.

N v 8

Fig. 2 — Spiral separator
1 - frame; 2 — drive; 3 — buffer; 4 —disc; 5 — spiral cage; 6 — spiral container;
7 — big fraction container; 8 — fine fraction container
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The separation process is complex in terms of description, because the location of particles of
different materials or sizes is random. Besides, the particles to be separated are reduced in the process,
making the process description even more complicated and requiring introduction of assumptions.

Since the separation coefficient changes according the cage length, in order to provide a more
detailed description, the spiral cage should be divided into similar sections |, =1, =...=I, =1 . Every section is

assumed to have a constant separation value u = const.

Let’s investigate a portion of bulk material, fed to the separator, containing fine fraction M, to be
separated. During short time span dt the bulk material layer will pass the surface of the spiral cage with the
length dl . The probability of fine fraction separation is zdl . At the beginning, the fine fraction to be separated
was M, and after it passed the spiral cage section with the length 1+dl (where | —is the length of the spiral
cage section passed by the material layer, [m]; dl — increase of the spiral cage section, [m]), fine fraction
mass became M,-dM . Thus, dM is the separation value (mass of the bulk material separated fine
fraction). Then, dM /M, will be the relevant separation value. The equation of relevant separation value
dM /M, and separation probability describes separation process in the spiral separator as follows:

dM
Vi pdl 3)

0

The experimental value of the separation value u is defined at a certain width of material layer,

because it influences significantly the separation coefficient. The bigger the width, the worse the separation
process is. That is why, in order to achieve required separator productivity, the cage width should be
increased. In this case, better separation conditions are possible for the same material volume fed to the
separator at similar intervals.

Using the separation equation (3), let’s define the mass of the fine fraction material M,, which remains

unseparated in the i -section of the spiral cage with length [, :
M, =M, e i=1n; (4)
where n — number of sections with the length | of the spiral cage and spiral container.
Mass of the separated fine fraction material m, during bulk material separation of each spiral cage
section:
m=M_—M,. (5)
Total mass m, of the bulk material separated fine fraction on the spiral cage:

m =>m=M,-M,_. (6)
i=1

The previous investigations determined the appropriateness of the cage spiralling according to the
logarithmic spiral with equation p(¢) = poe””*g, here m" =(p—p,)/1 (where | — spiral cage length between the
radii p, and p, [m]; p, —the smallest radius of the spiral cage, [m]; & — angle of spiral, [rad.]).

Let us define the separation process changing the spiral cage radius. The length of a section can be

defined as |, =mi( i —pi_l) (where p_, and p, — radii at the beginning and the end of the i -section of spiral
cage).
Considering the presented dependences, the equation (4) will be:
_Hi(pi—pi-1)
M, =M, e L (7)

The radii values of the spiral cage for the equation (7) are defined with the equation p(¢) = poem*”. The
angle of the cage spiral is defined as follows:

y 2 * *
'i:I p2(8)+p'2(8)dg:—p°vjr;m (e—e)

fi-1

(8
from where we obtain:
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Applying the obtained dependences (7) — (9), and separation values g, the fine fraction mass
M variation diagrams depending on the radius p of the spiral cage in each section of the length | are built
(figure 3).
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Fig. 3—Fine fraction mass M variation diagrams in the separation process depending on the radius p of the
spiral cage in sections with p, =0.07 mand m" =0.18
a - separation of the pellets with g4 =0.263 m™; 1, =0.507 m*; g, =1323m*; g, =4m™,;
b — separation of the flax fibre shive with £, =0.4 m™; g, =111 m™; g, =197 m*; g, =4 m™*

In order to show the length of the spiral cage L. where the fine fraction will be separated from the bulk
material, we take the logarithm of equation (4):
In(M) =In(M e ), (10)
Where: M — mass of the fine fraction material remaining in the bulk material after separation on the spiral
cage with the length L, [kg];

M, — mass of fine fraction in the bulk material before separation, [kg];

u. —average value of bulk material separation coefficient per spiral cage length L., [m™];
L, — spiral cage length, [m].

Having transformed the equation (10), we obtain:

Lot .n(ﬂ] | (11)
/’lm MO
Mass of fine fraction in the bulk material before separation is determined according to dependence (1):
M_N
- m " 12
° =100 12)

where N — number of fine fraction particles in the bulk material before separation, [%];
M, - total mass of bulk material before separation, [kg].

The average value of the bulk material separation coefficient per spiral cage length is defined as
follows:

4, = Z% . (13)

Let’s introduce the efficiency coefficient of spiral separator, to characterize separation degree of fine
fractions from the bulk material. The coefficient value is defined as follows:

M
K=o (14)

s
0
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The lower the coefficient value K, the more efficient the separator operates. If, for example, the
efficiency coefficient is K, =0.03, it means that 3% of fine fraction material remained unseparated, and 97%
was separated. Substituting the average separation coefficient 4 and spiral separator efficiency coefficient
K, in the equation (11), we obtain:

L = _Inlk,). (15)

Based on the equation (15) the diagrams are built (figure 4), which show impact of coefficients _ and
K, on the spiral cage length L , where the necessary degree of the fine fraction separation should be
obtained. At reduction of the spiral separator efficiency coefficient K, and separation coefficient u_  the
spiral cage length L, increases.

Fig. 4 — Diagrams showing the impact of the coefficents x4, and K, on the lengths L, of the spiral cage

a — for pellets; b — for flax fibre shive

The calculations made according to the equation (15) allowed us to demonstrate the length of the
separator spiral cage: 1) for pellets with g, =1523 m™* and K, =0.03 the length of the cage should be

L, =23m; 2) for flax fibre shive with x =187m™ and K, =0.05 the length of the cage should be
L, =16 m. The defined spiral cage will ensure the required separation degree of fine fractions in the bulk

material. The conducted investigations allowed obtaining the mathematical model of bulk material separation
in the spiral separator which will be represented in coordinates xyM :

X=p,e"“sing;

y= poem*g Cos &; (16)
Vi+m2 e ms

ﬂum/’O - [em &_m 50]

M = Moe m 1

1 m'L,
where ¢ €lg;;6,u]s €max =—In

m"” PoV1+m™

+eme

The first and the second equation of the system (16) show the spiral of the cage. By means of the
mathematical model (16) and equations (4), (7) the diagrams are built (figure 5 and figure 6) showing the
separation model.
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Fig. 5—The curves showing separation of the pellets in the spiral separator with

K, =0.01; 4, =1.523 m*; M, =0.05 kg; &, =0 rad.; p, =0.07mand m" =0.18

a — fine fraction mass M variation diagram in the material along the spiral cage; b — fine fraction mass M variation in the material
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with changed radius p of the spiral cage; ¢ — fine fraction mass M variation in the material with changed length L, of the spiral cage
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Fig. 6 — The curves showing separation of the flax fiber shive in the spiral separator with
K, =0.02; u, =187m" M, =0.25kg; & =0rad.; p,=0.07mand m =0.18
a — fine fraction mass M variation diagram in the material along the spiral cage; b — fine fraction mass M variation in the material

with changed radius p of the spiral cage; b — fine fraction mass M variation in the material with changed radius o of the spiral cage;

¢ —fine fraction mass M variation in the material with changed length LS of the spiral cage

CONCLUSIONS

The design of spiral separator in question allows reducing sizes of the separator due to the installation
of the spiral unit and reducing metal and power consumption. Besides, the spiral separator is ergonomic and
ensures high level separation.

The conducted investigations allowed describing the bulk material separation process (pellets and flax
fibre shive) with the spiral separator. The mathematical model of the bulk material separation with the spiral
separator is obtained; the method for coefficient definition is developed, which can also be applied for other
materials.

The definition of spiral separator efficiency coefficient is introduced, characterizing the degree of
separation of the fine fractions. The dependence representing the spiral cage length is obtained.
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